livestock. However, they are routinely used in human and livestock feeding. Therefore, the objective of the present study was to determine the feed quality parameters and yield potential of hulled wheat as an alternative feedstuff for animal feeding.
Materials and methods

Materials
General information about 17 hulled wheat populations collected from Kars, Kayseri, and Kastamonu provinces is summarized in Table 1 . The study was carried out during the years 2012 and 2013 in the experimental fields of the Erciyes University Faculty of Agriculture in randomized complete block design with 3 replications. Plant material was sown in April at a sowing rate of 200 kg ha -1 and harvested in July during 2 successive seasons, and 120 kg ha -1 N and 100 kg ha -1 P 2 O 5 were applied to the soil as a base fertilizer. Each plot had 6 rows that were 3 m long, with 14-cm row spacing. The research site has a slightly alkaline and nonsaline sandy-loam soil texture with reasonable phosphorus and poor organic matter levels (FAO, 1990; TOVEP, 1991; Van Slageren, 1994) . Physicochemical soil characteristics are provided in Table 2 .
Climate parameters of the experimental site are summarized in Table 3 . The research site has a long-term average precipitation of 163 mm (http://www.mgm.gov. tr/). The second year had lower precipitation than the first year. Average temperature of the experimental years and long-term averages were close to each other but relative humidity levels of the experimental seasons were a little lower than long-term averages.
Chemical composition analyses
Hulled wheat grains were milled through a 1-mm sieve and used for chemical analyses. Ash content of samples was determined at 550 °C for 8 h in an ash oven while oil content of the samples was analyzed by using an ether extraction method (AOAC, 1990) . The Kjeldahl method was used for N content and the protein ratio was , 1990) . Neutral detergent fiber (NDF) (Van Soest and Wine, 1967) and acid detergent fiber (ADF) (Van Soest, 1963) were determined using an ANKOM 200 Fiber Analyzer (ANKOM Technology Corp., USA).
In vitro gas and methane analyses
Ruminal liquids were sampled from 3 Ivesi sheep with fistulae for in vitro gas measurements. The sheep were fed a 60% alfalfa and 40% barley ration. Water and licking blocks were provided ad libitum and ruminal liquid samples were taken just before morning feeding. The liquid was rinsed through 4-layer cheese cloth and mixed with a 1:2 buffer solution. Ground samples of about 0.2 g were placed into a 100-mL syringe and then 30 mL of buffered ruminal liquid was added to the syringe. The syringes with the samples and ruminal liquids were then placed into a water bath set at 39 °C. Four additional syringes with only buffered ruminal liquid were also included in the incubation. The GP of those syringes was deducted from the GP of sample syringes to determine the net GP of each sample. Feed samples were incubated for 24 h and their GP was measured. The resultant gases were transferred to an infrared methane analyzer (Sensor Europe GmbH, Germany) with a plastic syringe and their methane productions were determined (Goel et al., 2008) . The analyzer is able to measure the methane content (%) of the injected gas. The following formula was used to calculate methane production: Methane production (mL) = total gas (mL) × methane content (%).
Metabolizable energy and organic matter digestibility
Metabolizable energy (ME) content and organic matter digestibility (OMD) of the feeds were calculated with the following formulae by using 24-h GP and chemical composition parameters (Menke and Steingass, 1988) : ME (Mcal kg -1 DM) = (2.20 + 0.136 GP + 0.057 CP + 0.002859 CO) × 0.24, OMD (%) = 14.88 + 0.889 GP + 0.45 CP + 0.0651 CA, where GP is 24-h gas production (mL), CP is crude protein (%), CO is crude oil (%), and CA is crude ash (%).
Statistical analysis
Variance and correlation analyses were performed over morphology, yield, and quality data using SAS software (SAS Institute, 1999 ) and then differences between mean values were tested by Duncan's multiple range tests. Additionally, in order to reveal the total variation through all traits investigated, principal component analysis was performed. Finally, all data were biplotted using Microsoft Excel to visualize the relationships among traits in all populations in the same chart (Lipkovich and Smith, 2002) .
Results
Grain yield (GY) and chemical composition of hulled wheat populations are summarized in Table 4 . Differences among wheat populations for all traits were significant at the P < 0.01 level. GY of hulled wheat varied between 2.477 and 4.617 t ha -1 , with the lowest value in P9 and the highest in P16. The lowest harvest index (HI) was observed in P7 with 27.55%, whereas the highest value was observed in P12 with 36.03%. CP content varied from 6.69% to 16.22%, with the highest value in P3 and the lowest in P5. NDF ratios varied between 5.99% in P9 and 31.99% in P17. Rates of ADF, one of the cell wall components of hulled wheat, varied from 14.35% to 19.05%, with the highest value in P15. CO content ranged from 1.33% to 2.05%, with the lowest value in P15 and the highest in P6. CA rates varied between 4.23% in P4 and 5.22% in P15.
GP, ME, and OMD parameters of hulled wheat are provided in Table 5 . There was a great variation in terms of all these parameters among hulled wheat accessions. The highest GP was observed in the P2 and P12 populations, while the lowest production was observed in P17. Moreover, P11 and P17 produced the highest and Genotype-trait biplot graphing based on chemometric evaluation of hulled wheat populations showed that PCA1 and PCA2 accounted for 46% and 24% of variation, respectively (Figure) . Totally, 70% of cumulative variation was explained by those 2 main components. Population and quantitative parameters were then biplotted on the same graph to visualize the relationships between populations and these parameters by using 2 main components ( Figure) . The P15, P13, P16, and P17 populations were found to be prominent with their NDF, ADF, and methane percentages; P8, P14, and P15 with their CA values; P4, P6, P10, P9, and P12 with GP; and P1, P3, P11, and P12 with their GY, CP, ME, and OMD levels.
Linear correlations among quantitative parameters are summarized in Table 6 . There were significant positive relationships between GY and HI; between GP and CO content; between GP and methane; between methane and ME and OMD; and between ME and OMD parameters. NDF: neutral detergent fiber; ADF: acid detergent fiber; **: P < 0.01. Different letters in the same column show significant difference.
There were also significant negative correlations between NDF and GP and methane; between ADF and CO, GP, and ME; between GP and methane; between CA and ME; and between GP and methane percentage (M%) parameters (Table 6 ).
Discussion
Since precipitation of the experimental seasons significantly fluctuated, irrigations were performed to fulfill sufficient germination and emergence in both years. Moreover, the 50% decrease in precipitation (May and June) and lower temperatures (April, May, and June) of the second year resulted in significant variations in grain yield and chemical compositions of the years. Additionally, genetic variations among the hulled wheat germplasm against heat and drought stress led to significant year × genotype interactions. Peterson (1992) showed that yield and quality of wheat were significantly affected by genotype, environment, and genotype × environment interaction. Other factors such as summer and winter sowing, amount and distribution of precipitation, plant density and tillering (Gebre-Mariam and Larter, 1979), and grain development may also affect the grain yields of wheat genotypes (Akgün et al., 2007) . Grain yield values of the present study were similar to those of Troccoli and Codianni (2005) , Konvalina et al. (2011) , and Shewry et al. (2013) . There were great variations in GYs and HIs of hulled wheat populations; such differences mainly come from various genetic backgrounds within the germplasm (Feil, 1992) . Chemical compositions of the hulled wheat germplasm also varied significantly in this study. It was reported that hulled wheat contained more CP and CA but Figure.
Genotype-trait biplot polygon of hulled wheat populations and quantitative traits based on 2 main principal components. GY: Grain yield; HI: harvest index; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; CO: crude oil; CA: crude ash; GP: gas production; Met: methane; %M: methane %; ME: metabolizable energy; OMD: organic matter digestibility. In bold, significant values (except diagonal) at the level of significance of 0.050; GY: grain yield; HI: harvest index; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; CO: crude oil; CA: crude ash; GP: gas production; Met: methane; M%: methane %; ME: metabolizable energy; OMD: organic matter digestibility.
less CO than common wheat (D'Egidio et al., 1993; AbdelAal et al., 1995; Løje et al., 2003) . CP contents of the hulled wheat germplasm of the present study were quite similar to those of Abdel-Aal et al. (1995) , Acquistucci et al. (1995) , Wieser (2000) , Grausgruber et al. (2004), and Stehno et al. (2010) , but lower than that of Suchowilska et al. (2009) . Cubadda and Marconi (1994) dehulled the genetic material of their experiment before analysis, and therefore they had higher CP ratios than the present study. The protein ratio is significantly affected by genetics and environmental factors such as soil, climate, and fertilizer application (Plant Breeding International, 1990) . CA contents of the current study were lower than that of Abdel-Aal et al. (1995) and higher than that of Grausgruber et al. (2004) . CO contents, on the other hand, were quite similar to those of Abdel-Aal et al. (1995) , Piergiovanni et al. (1996) , and Grausgruber et al. (2004) , but lower than those of Suchowilska et al. (2009) and Pelillo et al. (2010) . So far, there has not been any literature found on the NDF and ADF contents of hulled wheat. These 2 parameters are the natural part of the feeds, affect digestibility, and limit the consumption of feeds by animals. ADF and NDF content of hulled wheat, compared to other cereals, are similar to those of oat but higher than those of sorghum, barley, and maize. However, the CP content of hulled wheat is usually higher than that of the other cereals (NRC, 1996 (NRC, , 2001 ). There were great variations in the GP of hulled wheat populations. Higher NDF contents indicate lower GP rates; therefore, P17 had the lowest GP. When NDF content increases, the amount of carbohydrates decreases; consequently, the feed stuff of microorganisms sharply decreases. Blümmel and Ørskov (1993) demonstrated that the amount of gas after fermentation depends on the amount of digestible feedstuff in the rumen. That is why increasing the amount of fermentable carbohydrate of feedstuff results in higher gas emissions. None of the hulled wheat populations had antimethanogenic effects, considering the ranges (from 18.88% to 20.10%) suggested by Lopez et al. (2010) . The highest ME and OMD of the P3 population can be explained by its higher CP content. There is a positive correlation between ME and OMD and CP content; therefore, higher protein content resulted in increasing ME and OMD values. Genotype-trait biplot graphing clearly demonstrated that CP, OMD, ME, GP, and CO were the main contributors to total variation by their larger vector lengths (Akçura, 2011) . Thus, hulled wheat populations of P17, P15, P16, and P3 with the largest vector lengths respectively for NDF, ADF, CP, and ME can be preferred as parental material by plant breeders (Yan and Rajcan, 2002) . Generally, it is expected that the highest variation in terms of any trait matches with the related population in the biplot graph, so this can contribute to the understanding of the relationship between the traits and the population (Yan and Kang, 2003) . These close relationships were especially true for NDF, ADF, and ME of P15, P17, and P3. However, P14 deviated significantly from CP, since the biplot describes the interrelationships among all traits on the basis of overall pattern of the data (Yan and Reid, 2008) .
In brief, the current results revealed that hulled wheat germplasm with reasonable GY even under dry conditions, higher OMD and CP and CO contents, and lower ADF and NDF and methane production can be a new source for animal feeding. Biplot analysis contributed to easily understanding the overall relationships between the traits and the populations. Population P16 can be nominated for grain yield, P1 and P3 for CP, P6 for CO, P9 for NDF and ADF, P9 for ME and OMD, and finally P17 for lower gas and methane production. Moreover, those populations can also be used in further breeding studies for einkorn and emmer wheat.
